Analyzing data from a PDV microphone
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Photon Doppler Velocimetry (PDV) is used to measure very fast velocities (on the scale of 0.01 -5 km/s). We applied this technology to a new application, measuring miniscule vibrations of Mylar in response to a sound wave. PDV data is created by summing an unshifted laser beam with a Doppler-shifted reflection, forming a beat frequency. We analyzed the PDV measurements of the beat frequency to determine the velocity of the Mylar sheet. Several steps are used to accomplish this, including Fourier analysis. Finally, the velocity data is converted into a sound file and played back, attempting to replicate the initial sound. The efficacy of this particular PDV microphone was limited due to the small velocities of the Mylar, but further applications will be explored. proportional to the velocity of the Mylar. Figure 1 shows a schematic of the microphone, and photos of the actual microphones can be seen in Figure 2 . We used two main microphone designs of differing dimensions to compare their response. We also varied the conditions of the experiment by adjusting the Mylar properties: taut, loose, with holes, without holes. However, the specific results from these tests are not addressed in this paper.
I. WORKINGS OF PDV AND PROJECT
II. EXAMPLE DATA
To illustrate how PDV data is collected and analyzed, a detailed example is provided. In order to extract the frequency information (and thus velocity) from raw PDV data, it is necessary to perform a Discrete Fourier Transform (DFT). However, because the Mylar velocity is oscillating so quickly, this
Transform must be applied many times over the data series in small chunks, or windows.
We used windows ranging between 1024 and 65536 points, depending on the sampling rate of the oscilloscope. After the DFT is performed, a velocity spectrum is generated and assigned to the time value of the middle of the window. The window is then shifted further along the data series, and the DFT is performed again. These windows overlap one another, with a step size to window size ratio of 1:8. This analysis technique can be seen in Fig.   4 , where the top picture is raw PDV data and the bottom picture is a plot of velocity spectra as a function of time. Each 1-pixel-wide column represents a spectrum generated from the DFT of one window.
After the DFT analysis is complete, the velocity spectrum for each step can be used to identify the most prevalent velocity for that step in time. When extracted, this produces a velocity function over the time interval of interest. Such a velocity function can be played through a speaker in an attempt to recreate the initial tone. We substitute the velocity for the position in our approximated audio output because the two are periodic and related by a phase shift. where Δt is the time between samples. To take about 5 data points per cycle of PDV data, we needed to sample at a rate of about 1.5 kHz to detect a velocity of 0.2 m/s. While it was possible to increase the saxophone, we could amplify the local vibrations to make them within the detection limit of PDV. Such a modification could allow for detailed resolution of waveforms on the saxophone, but needs to be tested for functionality. If another way to extract frequency from small-velocity PDV data is found, that could also help solve this problem. Finally, using a frequency offset PDV would allow us to distinguish between positive and negative velocities, both eliminating the need for de-rectification and doubling the observed velocity amplitude.
VI. CONCLUSION
PDV is a well established tool for determining velocities of fast-moving projectiles, but its use to measure small velocities was previously unexplored. We were able to create a successful PDV microphone, although the playback files were often distorted and introduced a lot of background noise.
The difficulty in recreating the sound was mainly due to small velocities that oscillated quickly, producing limitations in velocity resolution from our Fourier analysis. If vibrations could somehow be amplified, PDV would perform much better at reproducing sound.
